All relevant data are within the manuscript and its Supporting Information files.

Introduction {#sec001}
============

Invasive alien species can have substantial negative effects on the environment, the economy and human health \[[@pone.0231773.ref001]--[@pone.0231773.ref003]\]. Invasive species are major drivers of change in invaded ecosystems causing changes in habitat structure, function, and biodiversity, and can result in the extinction of species through direct predation or competition for food and space \[[@pone.0231773.ref004]--[@pone.0231773.ref006]\]. Damage caused by invasions and the management costs for their control can be a significant economic burden \[[@pone.0231773.ref007]\]. Also, invasive species can play important roles in disease transmission and spread \[[@pone.0231773.ref003]\]. While previous research has focused on negative impacts, the potential benefits from biological invasions can be overlooked. This may be because negative impacts are part of the definition of invasive species \[[@pone.0231773.ref008]\]; however there is increasing awareness of their potential positive contributions \[[@pone.0231773.ref009]--[@pone.0231773.ref011]\]. Few studies have explored how perceptions of costs and benefits from an invasion may vary among people living with an invasive species and how this may change over time following an invasion.

Invasive crayfish have been recognized as a major threat to freshwater ecosystems. Indeed, their position in the food web (most are omnivorous) and their capacity to transmit diseases can strongly impact ecosystem functions. The rusty crayfish (*Faxionus rusticus*), for example, can significantly reduce resource availability in aquatic communities leading to biodiversity loss, while the signal crayfish (*Pacifastacus leniusculus*) transmits the crayfish plague in Europe, which has resulted in extirpation of native crayfish from many locations \[[@pone.0231773.ref012],[@pone.0231773.ref013]\]. Nonetheless, invasive crayfish species can also play a positive socio-economic role. The red swamp crayfish (*Procambarus clarkii)* supports important commercial fisheries in many countries where it has been introduced \[[@pone.0231773.ref014],[@pone.0231773.ref015]\], while the red claw crayfish (*Cherax quadricarinatus*) is an important source of income for artisanal fishermen in Jamaica \[[@pone.0231773.ref016]\]. Other studies have suggested that invasive crayfish in Kenya play a role in control of schistosomiasis through predation on the snail hosts of this human parasite \[[@pone.0231773.ref017]\].

The marbled crayfish (*Procambarus virginalis*) originated from the German aquarium trade in the early 2000s \[[@pone.0231773.ref018],[@pone.0231773.ref019]\]. Marbled crayfish are descendants of the sexually reproducing slough crayfish (*Procambarus fallax*) from Florida \[[@pone.0231773.ref020]\]. The ability of the marbled crayfish to reproduce without males, as well as its high fecundity and resistance to harsh environmental conditions, predisposes it to be an invasive species \[[@pone.0231773.ref021],[@pone.0231773.ref022]\]. Indeed, marbled crayfish have formed stable wild colonies in several European countries \[[@pone.0231773.ref023]--[@pone.0231773.ref027]\]. In Madagascar, marbled crayfish were first observed by biologists in markets around 2005 but were not identified until 2007 \[[@pone.0231773.ref022],[@pone.0231773.ref028]\]. Initially confined to a small region around Antananarivo, their distribution area has now increased about 100-fold, covering eight out of 15 regions studied in 2017 \[[@pone.0231773.ref029]\]. Conservationists quickly raised concerns \[[@pone.0231773.ref019],[@pone.0231773.ref022]\] about potential impacts that marbled crayfish may have on endemic freshwater biodiversity, including the seven species of endemic crayfish in the genus *Astacoides* \[[@pone.0231773.ref030],[@pone.0231773.ref031]\]. In addition, there were also concerns that marbled crayfish may have a negative impact on rice agriculture and local freshwater fisheries. However, farmers were observed transporting the species intentionally around the island as early as 2007, suggesting that they were considered a valued food source \[[@pone.0231773.ref022]\]. While the Ministry of Agriculture, Livestock and Fisheries issued legislation to prohibit the transportation of live marbled crayfish in 2009, the animals have recently been observed being widely sold in markets across Madagascar, without sanctions \[[@pone.0231773.ref032]\].

Our study aims to update information on the distribution of marbled crayfish in Madagascar and to explore attitudes towards marbled crayfish in three regions that were chosen to reflect a gradient in terms of how recently the marbled crayfish arrived. Specifically, we explore perceptions of the positive or negative impacts of the crayfish on rice agriculture, fishing and their contribution to health, food security and household income. We also seek to understand more about the markets for this species, including the relative acceptance of marbled crayfish as a source of dietary protein. While information on the ecological impacts of the invasion of marbled crayfish in Madagascar are lacking, this paper provides valuable information on their socio-economic impacts.

Materials and methods {#sec002}
=====================

Ethics statement {#sec003}
----------------

Research involving human participants was approved by the Bangor University College of Environmental Sciences and Engineering research ethics committee (Approval Number: CoESE2019RAJPGJ01). Oral consent was obtained from each participant to voluntarily participate in the survey. Field research was approved by the Ministry of Environment and Sustainable Development of Antananarivo (MEDD), Madagascar (research permits No. 58/19/MEDD/SG/DGF/DSAP/SCB.Re and No. 59/19/MEDD/SG/DGF/DSAP/SCB.Re).

Update of marbled crayfish distribution {#sec004}
---------------------------------------

To update information on the distribution of marbled crayfish in Madagascar, we re-visited 18 locations and 14 additional locations (see [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S1 Table for details) across three regions where a survey in 2017 \[[@pone.0231773.ref029]\] did not reveal marbled crayfish (Analanjirofo, Menabe, Vatovavy Fitovinany). We sampled the water bodies (rice fields, channels, ponds and marshes) with traditional "tandroho" nets (50cm x 30 cm x 30cm, [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S1 Fig) from 8:00 to 11:00 and from 15:00 to 18:00 for three days in each location, as described previously \[[@pone.0231773.ref033]\]. Collections were performed by M.A. Additionally, we recorded the geographic coordinates of new locations where we observed marbled crayfish within the survey regions: Analamanga, Mahatsiatra Ambony and Ihorombe ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S2 Table).

Social survey details {#sec005}
---------------------

The survey was carried out in March and April 2019 in three regions where marbled crayfish are present: Analamanga, Mahatsiatra Ambony and Ihorombe (see [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S2 Fig and S3 Table for details). In each region, we first visited the regional authorities (Direction Regionale de l'Environnement, de l'Ecologie et des Forets, DREEF), as well as local authorities in each town or village where we worked (the commune or fokontany representative) to gain permission for the work. The survey was conducted on both weekdays and weekends.

We collected three types of data. Quantitative information was collected using a brief questionnaire that targeted adults in each region. The questionnaire contained closed-ended items including Likert scale responses. We did not have a sampling frame and used purposive sampling. At each location, enumerators approached adults in markets, fields, streets and villages, or working in or near water bodies. The questionnaire took approximately 15 minutes to complete. Key informants (those involved in selling crayfish, crayfish harvesting or having more knowledge on marbled crayfish), were asked some additional open-ended questions. These in-depth surveys lasted 30--45 minutes. The full questionnaire (in English and Malagasy) is available in the Supporting Information. Lastly, we recorded the price of processed marbled crayfish and other common sources of dietary protein (as price per kilogram) at 30 markets (containing more than 200 stalls in total) in Antananarivo.

We introduced ourselves to each respondent and carefully explained the aim of our study and how data would be used. We provided assurance of confidentiality by explaining that we were not taking any individually identifying information or recording voices. Due to the low level of literacy, oral consent was obtained from each respondent to voluntarily participate in the survey. Oral consent was also obtained for all photographs taken. Interviews were carried out by R.A., J.R., H.R. and M.R. with the help of trained enumerators. All interviewers were native speakers of Malagasy, comfortable in the dialects of the regions visited. Before starting an interview, each informant was shown a series of 16 photographs with crustacean and fish species to assess their knowledge of marbled crayfish ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S3 Fig). Surveys were delivered using Open Data Kit (ODK)-Collect, an Android open source app for data collection. Data were submitted to ODK Aggregate when an internet signal was available.

We assessed the perception of marbled crayfish impacts by collecting information on the respondents' socio-economic status and their preferences. First, we showed a series of 16 photographs ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S4 Fig) that illustrated local sources of dietary protein. We asked the respondents to rank them in order of preference and recorded their top five preferences. Next, we collected information on their primary and secondary livelihood (agriculture, government position, private monthly waged work, daily waged labor, trader, wild product harvester, other). We also recorded if people owned irrigated rice fields, and if they fished commercially, for subsistence or recreation. We investigated the perception of marbled crayfish impacts on six different items (rice farming, fishing, household economy, food security, animal feed, health) using a 5-point Likert scale illustrated by Emojis (very positive to very negative, coded 1 to 5 respectively). Three of these items (rice farming, fishing, animal feed) were only presented to respondents that were engaged in these activities, and were not used in the construction of the perception of marbled crayfish index.

Data analysis {#sec006}
-------------

Results from questions with Likert scale responses were illustrated as diverging stacked bar charts. We explored the relationships between marbled crayfish impact perception and potential predictors by fitting a multivariate ordinary least squares (OLS) regression. Our model investigated which factors predicted whether the perception of marbled crayfish impact was more positive or negative.

The dependent variable is an index of local perception towards the crayfish built by standardizing the sum score of the four perceived marbled crayfish impact items. Each of the items used in the perception of marbled crayfish index (impact on household economy, food security, health and overall impact) were measured on a 5-point ordinal scale. The index varies from -2.33 (most negative impact) to 2.24 (most positive impact), with a mean of 0 and standard deviation of 1.

Complete data was available for 288 respondents, while 64 respondents had missing values for one or two of the four items. For these cases, values were imputed using the forward imputation method described in \[[@pone.0231773.ref034]\], based on nonlinear principal component analysis and nearest neighbor matching. We imputed 6 values for overall impact, 19 values for impact on household economy, 12 values for impact on food security and 38 values for impact on health. We excluded 12 cases with missing data on three or four items. We also excluded three cases with an age of under 18 (not in target population) or over 80 (outliers in the regression).

We checked for the reliability of the combined index by calculating the Cronbach Alpha statistic for the four items used to build the dependent variable. Alpha was 0.80, indicating strong internal consistency ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S4 Table). Bivariate item correlations (Spearman's rho) were in the range of 0.4--0.6 ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S5 Fig), indicating that the variables are positively associated. Correlations between the index value and each item were over 0.7 ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S4 Table). Alpha and correlation coefficients were not significantly different on the imputed and non-imputed dataset.

Eight variables were considered as potential predictors: survey location, gender, age, livelihood, relationship to marbled crayfish (harvester, vendor, customer), and the use of marbled crayfish as animal feed. All variables except age were categorical and transformed into dummy variables before running the regression analysis.

To validate our regression model, we assessed the assumptions of normality, homoskedasticity and absence of multicollinearity. We first assessed the normality of residuals with a histogram, a Q-Q plot ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Fig), and a Shapiro-Wilk normality test. We also checked for heteroskedasticity using the Breusch-Pagan test and for multicollinearity using the Variance Inflation Factors (VIF). Finally, we evaluated the prediction model accuracy by running a k-cross validation analysis (10-fold).

Data analysis was carried out using R3.4.3. Charts were produced using the *ggplot2* and *corrplot* packages. Reliability of the dependent variable was checked using the alpha function from the *psych* package. Model checks were performed with functions imported from the *car* package. Imputation was performed using the *ForImp* package. Cross-validation was performed using the *caret* package, with a seed set on 523 for the reproducibility of the analysis ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S5 Table).

Results {#sec007}
=======

Compared to a previous survey in 2017 \[[@pone.0231773.ref029]\] we did not record an expansion of the known range of the marbled crayfish in Madagascar during this survey (March and April 2019). Re-sampling at 18 previously negative sites, and 14 additional locations distributed in the Analanjirofo, Menabe and Vatovavy Fitovinany regions revealed no marbled crayfish ([Fig 1A](#pone.0231773.g001){ref-type="fig"}, [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S1 Table). However, marbled crayfish were discovered at 15 additional sites in the Analamanga, Mahatsiatra Ambony and Ihorombe regions (i.e., within the previously identified range) during the present survey ([Fig 1A](#pone.0231773.g001){ref-type="fig"}, [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S2 Table), which likely reflects the continuing anthropogenic distribution due to commercial exploitation \[[@pone.0231773.ref032]\].

![Distribution of marbled crayfish in Madagascar.\
(A) Map of Madagascar. Light green dots indicate sites with known marbled crayfish populations from 2017 \[[@pone.0231773.ref029]\]. Dark green dots indicate additional sites where marbled crayfish were detected during this study (in 2019), light blue dots indicate 3 re-sampled negative regions from 2017 with no marbled crayfish. The three regions where the social surveys presented in this paper were carried out are highlighted by color. (B) Participant response rates and numbers of survey respondents per region. (C) Earliest observation of marbled crayfish in the three regions. Numbers indicate % respondents.](pone.0231773.g001){#pone.0231773.g001}

We conducted our social research in three regions ([Fig 1A](#pone.0231773.g001){ref-type="fig"}, [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S3 Table): Analamanga (mostly in Antananarivo at 12 sampling locations), Mahatsiatra Ambony (mostly in Fianarantsoa at 8 sampling locations) and Ihorombe (mostly in Ihosy at 3 sampling locations). Using a purposive sampling, we approached a total of 435 adults ([Fig 1B](#pone.0231773.g001){ref-type="fig"}) and obtained participation rates of over 86% in each of the three regions ([Fig 1B](#pone.0231773.g001){ref-type="fig"}). The sample consisted of 142, 143 and 100 participants in Analamanga, Mahatsiatra Ambony and Ihorombe, respectively. The average participant age was 39 years, with 54% male and 46% female participants. Farming was the most commonly reported primary livelihood among respondents (48%).

A subset of respondents (n = 275) were asked when they first observed marbled crayfish in their area. In the Analamanga region, a substantial fraction of respondents indicated that they became first aware of marbled crayfish in 2005 or before and the animals became well-known by 2010 ([Fig 1C](#pone.0231773.g001){ref-type="fig"}). In contrast, marbled crayfish were mostly unknown in Mahatsiatra Ambony and completely unknown in Ihorombe before 2011 ([Fig 1C](#pone.0231773.g001){ref-type="fig"}). This is consistent with a spread of the animals from the center to the south of Madagascar.

To explore the perception of marbled crayfish impacts, we used a Likert scale to investigate six variables. Results showed that attitudes towards marbled crayfish varied substantially by region. In general, respondents in the two southern regions (Mahasiatra Ambony and Ihorombe) had more negative attitudes towards the crayfish, while those in Antananarivo were generally more positive ([Fig 2](#pone.0231773.g002){ref-type="fig"}). However, in all three regions, respondents reported both positive and negative impacts of marbled crayfish. Negative impacts on rice farming and fishing were reported at all sites (and by nearly 100% of respondents in Ihorombe), while contribution to food security and household economy, in general, were seen as positive.

![Perceived socio-economic impacts of marbled crayfish in 3 regions of Madagascar.\
Diverging stacked bar plots show overall impacts (Likert scales) in the three regions.](pone.0231773.g002){#pone.0231773.g002}

Responses to the open-ended questions by key informants (a subset of 52 participants) provided further information to support and explain the quantitative data. The reasons for widely reported negative impacts of marbled crayfish on rice fields was due to burrowing activities, which dry up the rice fields and require the farmers to regularly repair their banks and irrigation canals. For example: \"the marbled crayfish destroy the mud walls we build around our rice fields\" ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Table, Q1-3). This can also lead to arguments between rice field owners as they would accuse each other to have dried the rice field by digging burrows.

The occasional positive comments about the impacts of marbled crayfish on rice farming came from the perception that marbled crayfish burrowing activities could improve rice production by loosening and aerating the soil ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Table, Q4). Perceived impacts of marbled crayfish on fishing were overwhelmingly negative, because crayfish are thought to predate on young fish (though not larger fish; [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Table, Q5). Importantly, some impacts may not be directly observed after an initial marbled crayfish colonization: \"the impacts on fishing cannot really be seen since the marbled crayfish are present for only two years\" ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Table, Q6). Many people mentioned positive impacts from crayfish harvesting on local livelihoods from catching and selling crayfish, or using them as a cheap source of household protein or animal feed. A Fokontany worker in a village with several households who depends on marbled crayfish described it as "a small animal coming from who knows where which supports the needs of the family" ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Table, Q7). Similarly, a farmer reported that marbled crayfish had given him a good living for about 10 years since they arrived in the area ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Table, Q8). Marbled crayfish were often mentioned as a good and cheap source of animal protein, and a source of energy and strength ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Table, Q9). However, some respondents have also experienced and witnessed allergic reactions, and stomach pain due to consumption of marbled crayfish ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6 Table, Q10).

In order to link the perception of marbled crayfish impacts to socio-economic characteristics of respondents, we selected eight variables as predictors in a multivariate linear model. Our linear regression model (OLS) explored the relationship between these variables, and the perception of marbled crayfish index ([Fig 3](#pone.0231773.g003){ref-type="fig"}, [Table 1](#pone.0231773.t001){ref-type="table"}). The model shows a good overall fit: it successfully explains 51% of the variation of the dependent variable (adjusted R squared of 0.506). The residuals satisfy the assumption of normality (Shapiro-Wilk normality test on the residuals: p = 0.182), confirmed visually by a Q-Q plot ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S6C Fig). There is no observed heteroskedasticity in the data (Breusch-Pagan test chi square statistic = 1.410, p = 0.234). Additionally, 10-fold cross-validation of our regression analysis revealed a good performance with an R-squared of 0.504, providing additional confidence in the results of the regression analysis.

![Coefficient plot of the model exploring the relationship between perception of marbled crayfish index and 8 socio-economic predictors.\
Blue bars represent the coefficients for locations while yellow bars show the coefficients for livelihoods, black bars illustrate the coefficients for crayfish-related activities and green bars the coefficient for demographic controls. Error bars represent 95% confidence intervals. Gender: male, and age were included as controls. The intercept was defined by the following parameters: location: Mahatsiatra Ambony; livelihood: farmer, not harvesting crayfish, not selling crayfish, not buying crayfish, not using crayfish as animal feed. P-values of each predictor are provided in [Table 1](#pone.0231773.t001){ref-type="table"}.](pone.0231773.g003){#pone.0231773.g003}
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###### Regression table: The dependent variable is the perception of marbled crayfish index.

![](pone.0231773.t001){#pone.0231773.t001g}

  --------------------------------------------------------------------------------------------------
  Predictors                Estimate                Std. Error   t-value   p-value     
  ------------------------- ----------------------- ------------ --------- ----------- -------------
  Location                  Antananarivo            0.749        0.105     7.114       0.000\*\*\*

  Ihosy                     -0.182                  0.100        -1.813    0.071       

  Livelihood                Trader                  0.204        0.117     1.749       0.081

  Wild product harvester    -0.205                  0.154        -1.329    0.185       

  Other                     0.188                   0.111        1.696     0.091       

  Crayfish harvester        Yes                     0.557        0.117     4.740       0.000\*\*\*

  Crayfish vendor           Yes                     0.321        0.118     2.721       0.007\*\*

  Crayfish customer         Yes                     0.489        0.096     5.072       0.000\*\*\*

  Crayfish as animal feed   Yes                     0.324        0.087     3.740       0.000\*\*\*

  Gender                    Female                  0.011        0.081     0.140       0.889

  Age                       Continuous              -0.009       0.003     -3.031      0.003\*\*

  Intercept^2^              -0.391                  0.147        -2.667    0.008\*\*   

  Observations              354                                                        

  R^**2**^                  0.5221                                                     

  **Adjusted R**^**2**^     **0.5066**                                                 

  Residual Std. Error       0.7024 (df = 340)                                          

  F Statistic\              33.76 (df = 11; 340)\                                      
  p-value                   \< 0.0001                                                  
  --------------------------------------------------------------------------------------------------

Significant at \<0.1, \*significant at \<0.05, \*\*significant at \<0.01, \*\*\*significant at \<0.001.

The perception of marbled crayfish index is built by standardizing the sum score of four Likert scale items (overall impact of marbled crayfish, impact on household economy, impact on food security, impact on health).

Location: Fianarantsoa, Livelihood: Farmer, Not harvesting crayfish, Not selling crayfish, Not buying crayfish, Not using crayfish as animal feed and Gender: Male.

A positive overall perception of marbled crayfish is associated with study site, as participants in Analamanga showed a significant (p\<0.001) positive association (+0.749 index score) and Ihosy a marginally significant (p = 0.071) negative association (-0.182 index score) compared to Fianarantsoa (controlling for gender, age and livelihood). Those involved in crayfish harvesting were more positive towards marbled crayfish impacts than non-harvesters (+0.557, p\<0.001). A similar scenario was observed for crayfish customers (+0.489, p\<0.001), vendors (+0.321, p = 0.007), and those who used marbled crayfish as animal feed (+0.324, p\<0.001), compared to those who do not buy, sell or use marbled crayfish respectively. Livelihood was marginally significantly associated with overall perception, with traders (+0.204, p = 0.081), and our grouping of 'other' livelihoods (+0.188, p = 0.091) having a more positive average scores compared to farmers. This finding is not surprising, as farmers will suffer negative impacts incurred by marbled crayfish on rice fields, while traders tend to profit from selling them. Finally, age has a negative association (-0.009 per year, p = 0.008), with older respondents having a less positive view of the overall impact of marbled crayfish.

To assess the popularity of marbled crayfish in the diet of our participants, we asked them to identify and rank their five most preferred sources of nutritional protein among those illustrated in 16 photographs ([S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S4 Fig). Results showed that tilapia and traditionally reared chicken were the most preferred source of dietary protein ([Fig 4](#pone.0231773.g004){ref-type="fig"}), which is consistent with previous findings \[[@pone.0231773.ref035],[@pone.0231773.ref036]\]. Marbled crayfish meat showed a middling level of preference and was grouped together with shrimp, factory-produced chicken meat and beef liver ([Fig 4](#pone.0231773.g004){ref-type="fig"}). Several other dietary protein sources, such as tripe, beans and crabs were less preferred than marbled crayfish.

![Preferences and relative prices per kilogram for a selection of common sources of dietary protein.\
Photographs and descriptions are provided in [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S4 Fig. Left panel: results of preference ranking for sources of dietary protein. Right panel: mean of market prices per kilogram for each dietary protein source (n = number of stalls where prices were recorded in the 30 Antananarivo markets visited). Error bars represent 95% confidence intervals. For comparison, the price of live marbled crayfish from vendors in Ihorombe (1,200 MGA/kg, approximately 0.3 EUR) is also indicated.](pone.0231773.g004){#pone.0231773.g004}

In Antananarivo (Analamanga region), marbled crayfish were mostly sold in markets ([Fig 5A](#pone.0231773.g005){ref-type="fig"}) and their leftover carapaces were used as animal feed ([Fig 5B](#pone.0231773.g005){ref-type="fig"}). We found marbled crayfish in 33 stalls in 11 markets (out of 30 markets investigated). They were mainly sold as boiled tail meat, with an average price per kg of 8,600 MGA (approximately 2 EUR, also see [Fig 4](#pone.0231773.g004){ref-type="fig"}). This strongly contrasts with Ihosy (Ihorombe region), where marbled crayfish were predominantly sold live in large bags for widespread distribution ([Fig 5C](#pone.0231773.g005){ref-type="fig"}). The marbled crayfish business is structured differently in Ihosy compared to Antananarivo: orders are received from different locations and regions. Traders then purchase live marbled crayfish from local collectors in response to market demand. Up to 20 bags of 35 to 80 kg with live marbled crayfish are transported daily with short and long-distance \"taxi-brousse\" for a fixed fee per bag during the rainy season (November to March). The price of live marbled crayfish is much lower with an average of 1,200 MGA/kg (approximately 0.3 EUR).

![Commercial sales and distribution of marbled crayfish.\
(A) Marbled crayfish meat sold with freshwater fish. (B) Leftover shells from marbled crayfish used as animal feed. (C) Bag of live marbled crayfish for distribution. (D) Live and boiled marbled crayfish sold on the street. (E) Boiled and salted marbled crayfish sold in the market. (F) Ready-to-eat marbled crayfish sold in street food markets.](pone.0231773.g005){#pone.0231773.g005}

Interestingly, Fianarantsoa (Mahatsiatra Ambony region) was mentioned as one of the cities where people bought marbled crayfish from Ihosy. This was confirmed by interviews of marbled crayfish vendors in Fianarantsoa's evening market who indicated that they buy marbled crayfish from Ihosy, and usually sold their entire amount within a few hours ([Fig 5D](#pone.0231773.g005){ref-type="fig"}). In Fianarantsoa, marbled crayfish were usually sold as processed food ([Fig 5E](#pone.0231773.g005){ref-type="fig"}). Marbled crayfish beignets and meals with marbled crayfish in tomato and green onion sauce ([Fig 5F](#pone.0231773.g005){ref-type="fig"}) were offered in several street food locations and street market restaurants. Despite an official prohibition from the Ministry of Agriculture, Livestock and Fisheries (effective since 2009) that forbids the transport of live marbled crayfish, the transport of marbled crayfish (for example by taxi-brousse), is supported by regular permits and fees. We interviewed taxi-brousse drivers from different transport companies in Ihorombe, who stated that those who transport marbled crayfish pay for a yearly permit, similar to transport permits for other freshwater products.

Discussion {#sec008}
==========

It is now indisputable that we live in the Anthropocene; a geological age defined by humanity's impact on the environment \[[@pone.0231773.ref037]\]. In this situation, some ecologists are rethinking their response to invasive species and increasingly recognize that non-native species are a part of the ecology of the future \[[@pone.0231773.ref038],[@pone.0231773.ref039]\]. While the strongly negative impacts of some invasive species render this a controversial view \[[@pone.0231773.ref040]\], those involved in managing invasive species have pointed out that benefits from such species are often overlooked or under-reported \[[@pone.0231773.ref039]\]. Our results, which provide the first information on the socio-economic impact of a parthenogenetic decapod described as 'the perfect invader' \[[@pone.0231773.ref022]\], provide a useful case study in how people make use of a new species in their environment. It also provides information useful for predicting the likely future spread of this invasive crayfish in a country with freshwater biodiversity of global value \[[@pone.0231773.ref041]\].

Madagascar is one of the poorest countries in the world, with 75% of the population living on less than \$1.90 per day \[[@pone.0231773.ref042],[@pone.0231773.ref043]\]. Poverty manifests itself in limited intake of dietary protein leading to stunting \[[@pone.0231773.ref044]\] which affects 1 in 2 Malagasy children \[[@pone.0231773.ref045]\]. In fact, many people rarely consume animal protein \[[@pone.0231773.ref035],[@pone.0231773.ref036]\]. Given the lack of sufficient protein for human consumption; livestock are mostly fed rice bran, roots and tubers \[[@pone.0231773.ref046]\], which provides insufficient protein for livestock to put on weight effectively. New and cheap sources of animal protein can create a significant beneficial impact on humans. Positive perceptions of marbled crayfish (especially prevalent in the Analamanga region) are associated with harvesting, buying, selling or using marbled crayfish for animal feed. The fact that the crayfish can be collected from public lakes, rivers, canals and rice fields also means that it can be done cheaply. Live animals are sold at low prices (live marbled crayfish rank among the cheapest sources of animal protein available), which makes them affordable for poorer people. Leftover parts from processed marbled crayfish are fed to animals (mainly chicken and pigs); providing an additional source of income for those involved in the crayfish trade and providing an effective, cheap and protein-rich livestock feed.

In Antananarivo, the marbled crayfish has been common for at least 10 years \[[@pone.0231773.ref022]\]. The market has evolved and today the crayfish are mostly sold as peeled tail meat. This value-added product (similar to processed fish and pre-cut vegetables) increases the profit margin of crayfish. A different market exists in Ihorombe, where the animals appeared considerably later and most trade is for live crayfish in bulk. While marbled crayfish are seldom among respondent's most preferred food, they are ranked similarly to shrimp and factory processed chicken. The low price, the ease of availability, and the development of new culinary recipes for marbled crayfish could be drivers of their increasing acceptance.

The most significant negative impacts reported were on rice farming and fishing. A related species of crayfish (*Procambarus clarkii*) is known to negatively affect irrigated rice production in the Iberian Peninsula, where it damages banks and irrigation canals by burrowing \[[@pone.0231773.ref047],[@pone.0231773.ref048]\]. However, the extent to which rice production is impacted by marbled crayfish in Madagascar remains poorly understood and our survey results, associated qualitative information, provided some contradictory evidence. In Analamanga (where the crayfish have been present over the longest period of time), the largest proportion of respondents reported no impact, while some reported a positive impact, perhaps because of the impact of the crayfish on soil aeration. It is possible that reported negative impacts of crayfish stem from extensive media reporting of possible negative impacts on rice, rather than firsthand experience. Indeed, national daily newspapers such as Midi Madagasikara and L'Express de Madagascar, and local newspapers such as Tia Tanindrazana, started to describe the marbled crayfish as a threat to rice farming and as a national threat from 2007 \[[@pone.0231773.ref049]--[@pone.0231773.ref052]\]. The available evidence suggests negative impacts on fishing, but further research is needed to understand the impacts on fish and freshwater ecosystems.

The overall perception of marbled crayfish impacts differed among the participants in the three regions that were surveyed. Individuals in the Analamanga region perceived crayfish more favorably than those in the Mahatsiatra Ambony and Ihorombe regions. This may be due to differences in livelihoods of our samples in the three regions. Those interviewed in the Mahatsiatra Ambony and Ihorombe regions relied more on farming, particularly rice farming. Perceived negative impacts on rice farming are likely to influence the overall negative perception. Another possible explanation is that people in Analamanga (where marbled crayfish have been established the longest; since about 2005) have had greater exposure to the species, thus more time to adapt.

It is interesting that we noted such high acceptability of the crayfish as food, especially around Antananarivo, given the negative cultural associations which have developed since the species first appeared. The local name for the crayfish in Malagasy ("foza orana"; literally, crab-like crayfish) quickly took on the meaning of something which is poor in quality and very abundant. For example, the term has been applied to many things such as poor quality cell phones, and it is used as an insulting term for sex workers \[[@pone.0231773.ref053]\].

The geographical range of many invasive species is driven by socio-economic factors, such as trade, travel and the movement of goods \[[@pone.0231773.ref054],[@pone.0231773.ref055]\]. Marbled crayfish were sold in markets in Madagascar soon after they first appeared. This raised the possibility that their potential economic importance could promote invasiveness \[[@pone.0231773.ref022]\]. Our work clearly confirms that the market demand for the crayfish is likely to encourage spread into new areas. Even in Ihorombe, where the overall perception of the crayfish is negative, the strong market demand and widespread distribution of live animals are likely to favor further spread.

Lastly, it is important to point out some limitations of our analysis. The sampling approach used, and the relatively small numbers of interviews, means that our sample is not representative of the population in each region. However, probabilistic sampling was not possible, given our limited resources and the lack of a suitable sampling frame. Our sample included several points in each region (see maps in [S1 Data](#pone.0231773.s001){ref-type="supplementary-material"} of S2 Fig) and the high response rate means that the responses are not likely to be biased. Furthermore, we controlled for differences in age and gender.

Conclusion {#sec009}
==========

The spread of the marbled crayfish in Madagascar over the last decade has been nothing short of dramatic. Given the practical challenges to eradicate this invasive species, a balanced approach for considering the costs of benefits arising from the invasion is needed \[[@pone.0231773.ref039]\]. There are differing perceptions towards marbled crayfish; between regions and between people with different socio-economic characteristics. However, it is clear that the market for marbled crayfish, and their widespread consumption, are likely to result in further spread. It is difficult to imagine any inhabitable parts of Madagascar that will remain uninvaded over the next decade. What this will mean for Madagascar's freshwater biodiversity is unknown. This study has attempted to provide some insight into what impact the invasion has on local people's livelihoods. An important area of uncertainty remains the impact of marbled crayfish on rice agriculture. Given the importance of irrigated rice production to the economy of Madagascar, this is certainly worthy of further investigation. Our study demonstrated that marbled crayfish have become a widely consumed and cheap source of animal protein in local diets. Given the desperate need for protein in the diets of many Malagasy people, this can be considered a positive development.
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======================
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Reviewer \#1: This is an interesting study that explores mixed perceptions about the marbled crayfish invasion in Madagascar. I especially like the balanced approach to invasion ecology, instead of simply focusing on the negative aspects. I think it is publishable given proper attention to detail (mainly grammar). I have made numerous copy-edits to improve the quality of expression.

Reviewer \#2: Overall, this is an interesting study, providing insights into the value of invasive species. While the study focuses mostly on a specific species in Madagascar, it has broad implications for our perception of invasive species.

Line 50-52: I\'m not sure what this is or why is it here

Line 76: You should also provide the vernacular name of this species as you did with all other species in this paragraph

Line 81: where is native of?

Line 86-88: it would be better to have a map here to show the location of Antananarivo, the distribution range, and the 15 sites. Also, here, you mention 15 regions studied, it is not clear whether this refers to the present study or the study in reference \#28. If it refers to this present study, it is more confusing because later on (line 121 for example), it seems as if you conducted your research in only 3 regions; but then you discuss other regions that were not mentioned in the method sections and then in the results you have 18 regions.
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Line 167-168: I would suggest moving this last sentence earlier (maybe near line 133).

Line 193-194: Add a map of the range

Line 195: what do you mean by \"negative sites\"?

Line 198: provide a mean and/or range of the density

Line 201-203: These sampling points seem to be more appropriate to be moved into the method section (line 129)

Line 229-230: it is not clear from the description of the survey the meaning of \"negative/positive attitude\"

Line 241: burrowing activities in marbled crayfish (maybe add that last phrase to make it clear that you\'re referring to the animal when taking about the burrowing)

Line 305: For consistency with the rest of the manuscript, maybe add also the equivalence of this amount in Euros

Line 366-369: This is more of a curiosity (and maybe my ignorance on the subject), but do you know if the leftover parts of the processed crayfish (I\'m guessing the exoskeleton and head) actually provide additional protein (and in higher quantity) to the livestock?

Line 386: It would be nice to have an example of media reporting on negative impacts on rice (for example, a link to a local newspaper on that subject)

Line 416: I think invasion is more appropriate here than invasiveness

Figure S2 caption: Provide both (or either) vernacular and scientific names for the marbled crayfish and the various animal species presented here for consistency

Figure S3 caption: F: I think \"traditionally reared/farmed chicken\" is the appropriate wording

Reviewer \#3: The authors should mention the social aspect of marbled crayfish in the Analamanga region where mostly only poor people rely on it as source of protein and many others have some \"pejorative consideration\" of this species,which means a kind of \"seeing people eaten it as very poor\" \-\-- such consideration is not linked with its impact to the biodiversity but some type of \"social and cultural\" consideration locally known as \"foza orana\" : something bad - destroying etc. This mentality might have impact on limiting its consumption in the Analamanga region
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Journal Requirements

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming.

\>\> The manuscript was edited in order to meet the PLOS ONE's style requirements.

2\. In your Methods section, please provide additional location information of the sampling sites, including geographic coordinates for the data set if available.

\>\> Geographical coordinates are now provided in the tables S1-3.

Additional Editor Comments

1\. Authors should pay particular attention to the detailed review submitted by Reviewer 1. They will significantly improve the structure and readability of the manuscript.

\>\> Reviewer 1 provided edits on the manuscript itself. We have read all of these suggested edits and thought about them carefully (including considering why the reviewer may have felt our wording could be better expressed). We have made some edits in response. However many we have rejected as we preferred our own way of expressing these points (or we have edited and found a clearer way in our own words).

2\. Offer a test-statistic that can validate the use of OLS regression regarding the normal distribution (or not) of their dependent variable. If normality it rejected the results of their regression will be highly questionable.

\>\> In order to validate the use of OLS, we assessed the normality of the residuals. While the dependent variable shows a bimodal distribution (Fig. S5A), the distribution of the residuals is approximately normal (Fig. S5B). We also used a Q-Q plot in order to check the assumption. The linearity of the points satisfies the assumption of normal distribution (Fig. S5C). Finally, we performed a Shapiro-Wilk normality test on the residuals which revealed a p-value=0.603 (\>0.05); therefore the null-hypothesis of normal distribution cannot be rejected. These results have now been integrated into the manuscript.

3\. The authors should also include p-values from t-tests regarding whether mean values and coefficients, respectively, are different from 0. These should be added to Figures 2 and 3.

\>\> Results in Figure 2 are descriptive. Therefore, no statistical test was performed on the data set. For Figure 3, the p-values are provided in Table 1. This is now clarified in the figure legend.

4\. Details should be disclosed on their type of ordinal regression (e.g. ordinal logit/probit, tobit, other?). These model specifications all offer p-values for each coefficient. None are presented in the Appendix.

\>\> The ordinal regression we used is a proportional odds logistic regression (Agresti et al., 2002; Venables et al., 2002). This information was now added to the method section. The p-values for each coefficient for the ordinal regression are now provided in Table S4.

5\. Results from their main regression model should be reported within the main body of the paper. This is a major result that should not be placed within Appendices.

\>\> The regression table has been moved to the main body of the paper.

6\. Typo in S3 table (repeated) should be corrected.

\>\> The typo in Table S3 (now Table S5) was corrected.

 

Reviewer 1

1\. The manuscript is plagued with improper English and needs considerable attention to detail before it is acceptable for publication (i.e., redundancies, contradictions, verb tense, splitting verbs, misspellings, and run-on sentences). I made many edits throughout the paper (see PDF) for consideration in the next round. For example, why is it important to mention that a Likert scale was used 5 times? What is a substantial fraction (did you mean percent)? Why did you say, tilapia fish? The word 'order' is used twice in the same sentence; once as a noun and once as a verb.

\>\>The manuscript was carefully edited after reading the comments and suggestions. However we have not accepted the edits of our text when we felt these changed the style or voice in ways we didn't feel comfortable with.

2\. Terminology, in some cases, was inconsistent with traditional usage in the social sciences. For example, it was a convenience sample, not haphazard or opportunistic.

\>\> We have changed terminology in some places in response to these comments.

3\. Although the sampling period was identified (March and April 2019), it did not include information on weekday vs. weekend data collection.

\>\> Data was not exclusively collected on weekend of weekdays We have clarified this point.

4\. The perception of marbled crayfish was measured by 6 items (not aspects), yet a Cronbach's alpha (reliability coefficient) was not provided.

\>\> While performing the data analysis, we did not create a sum score index and only considered the items separately; therefore, a Cronbach's was not appropriate. For this reason, this information was not added to the manuscript.

5\. The dependent variable (perception of impacts) was measured on a 5-point scale and referred to as ordinal data. Most social science research uses a 5-point scale and calls it interval data. Your choice of statistics hinges upon this decision. Please re-run your data using linear regression to see how the results compare with OR and OLS. Perhaps you can improve R2 even more than it is already.

\>\> In our analysis, we treated the 5 point-scale as interval data, and we checked for the residuals which are normally distributed. We used ordinal regression for sensitivity analysis. The results of the Ordinal Regression (OR) and Linear Regression (Ordinary Least Square) models are also comparable: coefficients that are positive in OLS are also positive in OR, same for the negative coefficients, and those not significantly different from 0 (p\>0.05). This is described in Table S4.

6\. I did not see a sample size of key informants, or a description on how you analyzed this data. I saw some direct quotes in the narrative, but it would be better if you had categorized the open-ended information so I could see it in a table.

\> We treated the whole data set together, as the same closed-ended questionnaire was used for all participants (see appendices which provides copies of the survey instruments). The only difference with the key informants is that they were asked additional open-ended questions. We used the quotes from these open-ended questions (52 participants out of 351) to complement our quantitative findings. We did not perform a separate analysis for the open-ended questions as the data set was small, particularly when split per region. We have added information on sample size to the results section.

 

Reviewer 2

We thank the reviewer for his/her attention to detail. The manuscript was carefully edited after reading the comments and suggestions. We provide three new tables to the supplementary information S1-3 in order to clarify the study locations and sampling details as suggested by this reviewer. Most comments were made on the manuscript. We respond to these below:

The reviewer didn't like the use of the quote to open the manuscript.

\>\> This is commonly done in social sciences papers. Also, all authors really like the use of this special quote which captures the essence of the paper and places local people's voices at the heart of the paper. The other reviewers and editor didn't ask us to remove it and we would very much prefer to keep it.

"What about people who did not like it? - you seem only get information for those who like the marbled crayfish but no mention of why others hate to eat it ?? so probably best to mention that the investigation was limited to some type of people in the region."

\>\> A detailed explanation of our sampling approach is provided in the manuscript. While it is not perfect, we have interviewed a wide range of people with different, region-specific perceptions.

Reviewer 3

The authors should mention the social aspect of marbled crayfish in the Analamanga region where mostly only poor people rely on it as source of protein and many others have some \"pejorative consideration\" of this species, which means a kind of \"seeing people eaten it as very poor\" \-\-- such consideration is not linked with its impact to the biodiversity but some type of \"social and cultural\" consideration locally known as \"foza orana\" : something bad - destroying etc. This mentality might have impact on limiting its consumption in the Analamanga region

\>\> We thank the reviewer for this constructive comment. The negative associations that many people have for the marbled crayfish as "foza orana" is indeed interesting and we have added this to the text.
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Additional Editor Comments:

Reviewer 1, who previously provided a very comprehensive review, deems some of his comments have not been fully addressed. I agree with that assessment and authors must address these observations for the manuscript to be published.

In addition:

\- The title shall be updated to reflect the clear nature of the study. This research examined \'perceived\' impacts. It did not assess impacts per se, but the perceptions of those afflicted by this invasive species. For instance, it could be updated to \"Perceived socio-economic impacts of the marbled crayfish invasion in Madagascar\"

\- Reviewer 1 is also clear on the need for a complete proof-read of the manuscript and has provided additional comments as an Appendix. The authors shall proof-read the manuscript for the proper use of English. As a case in point, the last sentence in the Abstract illustrates several grammatical issues (e.g. data are plural) \"While data on the biodiversity impacts of the marbled crayfish invasion in Madagascar is still completely lacking, this study provides insight into the socio-economic impacts of the dramatic spread of this unique invasive species in Madagascar.\"

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: No

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I like this study. It makes a valuable contribution to invasion ecology by introducing some benefits associated with the presence of invasive species. I look forward to seeing it published soon. Two issues remain.

Despite having \"carefully edited\" the manuscript, the authors still need to address a number of grammatical problems / issues before it can be published. I have addressed many of them (see the copy edits). Although some of my suggestions are stylistic (subjective), others are objective (not subject to what you feel comfortable with). For example, splitting the verb (have recently been observed) is improper English. It\'s a problem throughout your manuscript.

The second issue involves the dependent variable. Social science does not support the use of one \"global\" indicator for overall perception. You measured six items, and they should be summed to form an overall perception. That\'s the purpose of the scale, hence a Cronbach\'s alpha is a needed and appropriate statistic to include in your analysis.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

24 Mar 2020

Editor comments

1\. Reviewer 1, who previously provided a very comprehensive review, deems some of his comments have not been fully addressed. 

\>\> We have now fully addressed the points that were raised by Reviewer 1.

2\. The title shall be updated to reflect the clear nature of the study. This research examined \'perceived\' impacts. It did not assess impacts per se, but the perceptions of those afflicted by this invasive species. For instance, it could be updated to \"Perceived socio-economic impacts of the marbled crayfish invasion in Madagascar\"

\>\> Done as suggested.

3\. Reviewer 1 is also clear on the need for a complete proof-read of the manuscript and has provided additional comments as an Appendix. The authors shall proof-read the manuscript for the proper use of English. As a case in point, the last sentence in the Abstract illustrates several grammatical issues (e.g. data are plural) \"While data on the biodiversity impacts of the marbled crayfish invasion in Madagascar is still completely lacking, this study provides insight into the socio-economic impacts of the dramatic spread of this unique invasive species in Madagascar.\"

\>\> We have accepted as many of the suggested edits as possible. However, we do somewhat object to the implication that our English was not of high quality and we are holding out on some suggested edits. Please also see our response to Reviewer 1 below and the cover letter by Julia Jones.

Reviewer 1

1\. "Despite having \"carefully edited\" the manuscript, the authors still need to address a number of grammatical problems / issues before it can be published. I have addressed many of them (see the copy edits). Although some of my suggestions are stylistic (subjective), others are objective (not subject to what you feel comfortable with). For example, splitting the verb (have recently been observed) is improper English. It\'s a problem throughout your manuscript."

\>\> The reviewer is understandably frustrated that (s)he spent a lot of time editing our manuscript and we did not accept the edits. After the first round of reviews, the author team decided not to accept many of the edits suggested by this reviewer because the 2nd author (a native speaker) did not agree with this reviewer's stylistic edits and argued to retain many of our formulations. Perhaps we should have explained this decision more clearly in our response after the 1st round. This time, as the reviewer is insisting on the edits and the editor has supported them, we have accepted the majority of the edits (more than 130 out of the 144 edits that were made). However, we have rejected some edits that would have changed the meaning or the emphasis of the contents of our manuscript. For example, the reviewer wanted us to change 'primary livelihood' for 'primary job'. This is not appropriate as in most cases local livelihood's do not depend on a 'job' as usually understood. We have also rejected the edits to the first paragraph of the discussion.

2\. "The second issue involves the dependent variable. Social science does not support the use of one \"global\" indicator for overall perception. You measured six items, and they should be summed to form an overall perception. That\'s the purpose of the scale, hence a Cronbach\'s alpha is a needed and appropriate statistic to include in your analysis."

\>\> The reviewer is suggesting that the various items in our survey are measuring a latent variable which relates to a general attitude towards the crayfish. We have redone the analysis in the way the reviewer suggests. Reassuringly, the results confirmed our previous conclusions (as detailed below). The manuscript has been revised and updated correspondingly.

We changed the dependent variable from a one-item overall perception of crayfish impact to an index composed of 4 items: overall perception, impact on household economy, impact on food security, impact on health. We did not include the other impact variables (rice farming, animal feed and fishing), because they were not presented to the full sample, but only shown to respondents engaged in these activities. We wanted to keep the balanced sample that includes people with different livelihoods. Because there was missing data due to nonresponse, we imputed scale values for some cases, but only for the respondents with at least 2 of 4 valid (non-missing) item responses. We checked the 4-item scale reliability using Cronbach's alpha, which showed a satisfying level of internal consistency. Finally, the index was standardized to a mean of 0 and standard deviation of 1 to simplify the interpretation of the regression coefficients.

We then ran the linear regression (OLS) with the new dependent variable (crayfish impact index), and checked the residuals for violations of assumptions (there were none). We removed the ordinal regression sensitivity check, since it was not adequate anymore (the dependent variable measurement level can be treated as interva ldata). The results were very similar to the ones where we used the overall perception index.
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PONE-D-19-30933R2

Dear Dr. Lyko,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With best regards,

Francisco X Aguilar

Academic Editor
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Perceived socio-economic impacts of the marbled crayfish invasion in Madagascar

Dear Dr. Lyko:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Francisco X Aguilar

Academic Editor

PLOS ONE
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